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To investigate the roles of human T-cell leukemia virus type 1 (HTLV-1) envelope (Env) proteins gp46 and
gp21 in the early steps of infection, the effects of the 23 synthetic peptides covering the entire Env proteins on
transmission of cell-free HTLV-1 were examined by PCR and by the plaque assay using a pseudotype of
vesicular stomatis virus (VSV) bearing the Env of HTLV-1 [VSV(HTLV-1)]. The synthetic peptide correspond-
ing to amino acids 400 to 429 of the gp21 Env protein (gp21 peptide 400-429, Cys-Arg-Phe-Pro-Asn-Ile-Thr-
Asn-Ser-His-Val-Pro-Ile-Leu-Gln-Glu-Arg-Pro-Pro-Leu-Glu-Asn-Arg-Val-Leu-Thr-Gly-Trp-Gly-Leu) strongly
inhibited infection of cell-free HTLV-1. By using the mutant peptide, Asn407, Ser408, and Leu413, -419, -424,
and -429 were confirmed to be important amino acids for neutralizing activity of the gp21 peptide 400-429.
Addition of this peptide before or during adsorption of HTLV-1 at 4°C did not affect its entry. However, HTLV-1
infection was inhibited about 60% when the gp21 peptide 400-429 was added even 30 min after adsorption of
HTLV-1 to cells, indicating that the amino acid sequence 400 to 429 on the gp21 Env protein plays an important
role at the postbinding step of HTLV-1 infection. In contrast, a monoclonal antibody reported to recognize the
gp46 191-196 peptide inhibited the infection of HTLV-1 at the binding step.

Human T-cell leukemia virus type 1 (HTLV-1) is the etio-
logic agent of adult T-cell leukemia (ATL) (14, 29) and HTLV-
1-associated myelopathy/tropical spastic paraparesis (11, 19,
26). The glycoproteins encoded by the env gene of HTLV-1 are
essential for interaction with an unidentified receptor on the
surface of target cells and play a crucial role in the infection
process (41). The HTLV-1 Env proteins are initially synthe-
sized in infected cells as a precursor protein (Pr61), which is
subsequently glycosylated and cleaved in the Golgi apparatus
into two mature products: the extracellular surface glycopro-
tein (gp46) and the transmembrane glycoprotein (gp21), which
spans the lipid bilayers (5, 17). These two glycoproteins are
linked with each other through noncovalent interactions and
are anchored to the surface of infected cells or of virions via
the gp21 protein (27). The Env glycoproteins govern the entry
of the virus into target cells by mediating specific attachment to
a cellular receptor, which is followed by fusion between viral
and cellular membranes. In addition, fusion between Env-ex-
pressing cells and receptor-bearing cells leads to the formation
of multinucleated giant cells (syncytia) (16, 25).

Recently, we reported that the syncytium formation induced
by HTLV-1-producing cells is inhibited by the Env synthetic
peptides corresponding to amino acids 197 to 216 of gp46 and
amino acids 400 to 429 of gp21 (33), suggesting that these
regions are necessary for Env functions of HTLV-1, such as
adsorption or penetration of HTLV-1 or cell fusion induced by
HTLV-1. With regard to gp46, anti-gp46 rat monoclonal anti-
body (MAb) (LAT-27) was also reported to recognize the gp46

peptide 191-196 and to inhibit the syncytium formation and
transmission of cell-free HTLV-1 (12, 40). However, it still
remains to be determined how these two Env synthetic pep-
tides and LAT-27 MAb interfere with the life cycle of HTLV-1.

Although infection of cells with cell-free HTLV-1 is quite
inefficient compared with that with other retroviruses even in
vitro (3, 8, 9), we reported that cell-free HTLV-1 prepared
from S1L-cat cells is highly transmissible and developed a new
assay system to detect infection with cell-free HTLV-1 using
PCR (12, 13). HTLV-1-specific PCR bands are detectable 1
day after infection with cell-free HTLV-1, and their formation
is inhibited by the treatment of virus with neutralizing anti-
bodies. Compared to the syncytium formation assay, this
PCR assay system is thought to be useful for examining the
early steps in HTLV-1 infection such as adsorption or pene-
tration of HTLV-1, the reverse transcription of HTLV-1 RNA,
integration of HTLV-1 DNA into cellular DNA, or the late
steps of HTLV-1 infection. In this study, we used synthetic
peptides covering the Env proteins gp46 and gp21 and LAT-27
MAb to identify Env regions which play a role in HTLV-1
infection.

We used MOLT-4 clone 8 (38) human T cells and 8C feline
kidney cells (10) as indicator cells to be infected with cell-free
HTLV-1. The HTLV-1-producing cells were c77 (15), a sub-
clone line of 8C feline kidney cells that had been cocultivated
with lethally irradiated ATL-2M HTLV-1-producing cells.
MOLT-4 cells were maintained in RPMI 1640 medium sup-
plemented with 10% fetal calf serum (FCS). 8C and c77 cells
were maintained in Eagle’s minimum essential medium
(EMEM) supplemented with 10% FCS. All cells were main-
tained at 37°C in a humidified, 5% CO2 atmosphere.

Cell-free HTLV-1 was prepared as described before (12).
Namely, after incubation of c77 cells (3 3 105 cells per ml) for
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2 days, medium was replaced by fresh medium and the cells
were cultured for another 24 h. The culture supernatant was
harvested and centrifuged at low speed and then passed
through 0.22-mm-pore-size cellulose acetate syringe filters
(Gelman Science, Ann Arbor, Mich.). The virus sample was
stored at 280°C until use. The cell-free HTLV-1 was inocu-
lated into MOLT-4 cells (5 3 105) for 1 h at 37°C. The cells
were then washed three times with phosphate-buffered saline,
and fresh medium was added. After incubation for 20 h, the
cells were washed and lysed with 10 mM Tris-HCl (pH 8.3)
containing 1 mM EDTA, 0.45% Nonidet P-40 (Sigma, St.
Louis, Mo.), 0.45% Tween 20 (Sigma), and 0.2 mg of protein-
ase K (Sigma) per ml. The cell lysates were incubated for 2 h
at 52°C and heated for 10 min at 96°C to inactivate proteinase
K. To detect formation of HTLV-1 DNA after infection, PCR
was performed with pX outer primers (pXO 7302-7326, 59-CC
CACTTCCCAGGGTTTGGACAGAG-39; pXO 7504-7481,
39-CTGTAGAGCTGAGCCGATAACGCG-59) in a Perkin-
Elmer cycler under the following conditions: 35 cycles of 93°C
for 1 min, 67°C for 45 s, and 72°C for 1 min and one cycle of
72°C for 5 min. As an internal control the human b-globin gene
primers KM29 and KM38 (59-GGTTGGCCAATCTACTC
CCAGG-39 and 59-TGGTCTCCTTAAACCTGTCTTG-39,
respectively) (36) were used. DNA amplification was per-
formed under the following conditions: 30 cycles of 93°C for 1
min, 60°C for 45 s, and 72°C for 1 min and one cycle of 72°C
for 5 min. PCR products were visualized by electrophoresis
through 3% agarose gels containing 0.5 mg of ethidium bro-
mide per ml.

MOLT-4 cells were infected with twofold-diluted cell-free
HTLV-1, and cell lysates were prepared 20 h later. Formation
of HTLV-1 DNA in MOLT-4 cells was detected by PCR (Fig.
1A). The expected pX DNA fragments (203 bp) were ampli-
fied, and the relative intensities determined by calculation after
densitometry were 100 (lane 1), 55 (lane 2), and 22 (lane 3),
which were well correlated with dilution of inoculate HTLV-1.
Cell-free HTLV-1 infection was neutralized by human serum
seropositive for HTLV-1 (lane 5) but not by human serum
seronegative for HTLV-1 (lane 4), indicating the specificity
of infection. Thus, we used these PCR conditions to detect
HTLV-1 DNA after transmission of cell-free HTLV-1 to
MOLT-4 cells.

To determine which region in the HTLV-1 Env proteins
plays an important role in infection of cell-free HTLV-1, ef-
fects of the 23 peptides (Table 1) covering the whole Env
protein at 10 mM on HTLV-1 infection were examined by the
PCR assay system as described above (Fig. 1B). The peptide
corresponding to amino acids 400 to 429 of the gp21 (gp21
peptide 400-429) strongly inhibited synthesis. None of the gp46
peptides inhibited cell-free HTLV-1 infection. In the case of
the syncytium assay, we reported that the gp46 peptide 197-216
inhibits the formation of syncytia (33). We confirmed that this
gp46 peptide 197-216 at a concentration of 10 mM inhibited
syncytium formation by 60%. The gp46 peptide 197-216 at
concentrations up to 100 mM did not have much of an inhib-
itory effect on cell-free HTLV-1 infection (data not shown).

We next examined the dose dependency of the inhibitory
effect of the gp21 peptide 400-429. This peptide reduced the
infectivity of cell-free HTLV-1 in a dose-dependent manner
(Fig. 2A). The approximate peptide concentration giving 50%
inhibition of the formation of HTLV-1 DNA was 2.5 mM (Fig.
2B). The inhibitory activity of the gp21 peptide 400-429 against
the formation of HTLV-1 DNA was detected up to 96 h after
incubation. The half-life of the inhibitory activity of the gp21
peptide 400-429 incubated at 37°C in RPMI 1640 medium

supplemented with 10% FCS was calculated to be 72 h (data
not shown).

We also examined the inhibitory effect of the gp21 peptide
400-429 on cell-free HTLV-1 infection by the vesicular stoma-
titis virus [VSV(HTLV-1)] pseudotype assay. The VSV(HTLV-1)
pseudotype was incubated with goat anti-VSV serum before
inoculation into cells. The 8C cells were infected with the VSV
pseudotype in the presence of the Env peptide for 1 h at 37°C
and overlaid with EMEM containing 1% agarose, and plaques
were counted 24 h later. As shown in Fig. 2C, the plating of
VSV(HTLV-1) was apparently inhibited by the gp21 peptide
400-429 but not by the gp21 peptide 458-488, corresponding to
the region of the cytoplasmic tail of gp21, used as a control.
Again, no inhibition by the gp46 peptide 197-216 was observed
at concentrations up to 20 mM (data not shown). The inhib-
itory effects of the gp21 peptide 400-429 at 10 mM on the
plating of VSV(HTLV-1) and on transmission of cell-free
HTLV-1 detected by the PCR assay were similar.

To confirm the specificity of the gp21 peptide 400-429, we
examined the effect of this peptide on transmission of cell-free
human immunodeficiency virus type 1 (HIV-1) (IIIB strain) to
MOLT-4 cells (Fig. 2D). The formation of HIV-1 DNA in
MOLT-4 cells was detected by PCR using primers specific for
the HIV-1 gag region. The virus preparation was treated with

FIG. 1. Detection of reverse-transcribed HTLV-1 RNA by PCR and effects
of the HTLV-1 Env synthetic peptides on transmission of cell-free HTLV-1. (A)
MOLT-4 cells were infected with serially diluted cell-free HTLV-1, lysed after
incubation for 20 h, and examined by PCR amplification using the pXO 7302-
7326 and pXO 7504-7481 primers (lanes 1 to 3). MOLT-4 cells were infected with
cell-free HTLV-1 treated with HTLV-1-seronegative human serum (normal hu-
man serum [NHS]) or with HTLV-1-seropositive human serum (a-HTLV-1) for
1 h at 37°C. Lane 6, mock-infected control. PCR amplification was performed
without template DNA (lane 7). (B) MOLT-4 cells were infected with HTLV-1
for 1 h in the presence of the Env gp46 or gp21 synthetic peptides at 10 mM.
Amino acid positions of Env (the initiation codon of Met is 1) are shown above
each lane. The amino acid sequences of the peptides are listed in Table 1.
b-Globin DNA was amplified as a control to confirm the efficiency of the
amplification of each sample.
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RNase-free DNase I (10 U/ml) (Boehringer Mannheim Cor-
poration, Indianapolis, Ind.) for 30 min at 37°C to remove
contaminating viral DNA or host cellular DNA. DNase I-
treated IIIB was inoculated into MOLT-4 cells (5 3 105) for

2 h at 37°C in the presence of 10 mM gp21 peptide 400-429.
After incubation for 20 h, the cell lysates were prepared and
PCR was performed with the HIV-1 gag-specific primers SK38
and SK39 (59-AAGGGGAAGTGACATAGCAG-39 and 39-G
GACCAACAAGGTTTCTGTC-59, respectively) (30) in a
Perkin-Elmer cycler under the following conditions: 1 cycle of
95°C for 9 min; 30 cycles of 94°C for 1 min, 60°C for 45 s, and
72°C for 1 min; and one cycle of 72°C for 5 min. The relative
intensities of amplified DNA were determined to be 100 (lane
1), 47 (lane 2), and 22 (lane 3), which were correlated with the
dilution of inoculated virus, indicating that PCR was per-
formed within the linear range. The synthesis of gag DNA
was not inhibited by the gp21 peptide 400-429 at 10 mM
(lane 5). The neutralizing MAb against CD4 (Nu-TH/I; 5 mg/
ml) (Nichirei Co., Tokyo, Japan), which is a primary receptor
for HIV-1, blocked entry of HIV-1 into MOLT-4 cells (lane 6).
Thus, the inhibitory effect of the gp21 peptide 400-429 is spe-
cific for HTLV-1. We also examined the cell toxicity of the
gp21 peptide 400-429. For this, MOLT-4 cells were cultured in
the presence of the gp21 peptide 400-429 at 50 mM for up to 4
days. There was little effect of the gp21 peptide 400-429 on the
cell growth and the viability determined by the trypan blue dye
exclusion assay, indicating that the anti-HTLV-1 activity of the
gp21 peptide 400-429 did not appear to be related to cytotoxic
or cytostatic effect.

We next tried to determine a functional amino acid neces-
sary for inhibitory activity of the gp21 peptide 400-429 (Fig. 3).
Because previous mutagenesis experiments had shown that the
Asn407-Tyr and Ser408-Phe mutations in gp21 affected both
cell-to-cell fusion and cell-to-cell transmission of HTLV-1
(32), we synthesized a mutant peptide, in which Asn407 and
Ser408 had been replaced by Tyr407 and Phe408, respectively,

TABLE 1. Amino acid sequences of HTLV-1
Env synthetic peptides

Peptide Sequence

gp46
1-25....................MGKFLATLIL FFQFCPLIFG DYSPS
20-49..................GDYSPSCCTL TIGVSSYHSK PCNPAQPVCS
46-70..................PVCSWTLDLL ALSADQALQP PCPNL
68-92..................PNLVSYSSYH ATYSLYLFPH WTKKP
89-115................TKKPNRNGGG YYSASYSDPC SLKCPYL
111-138..............KCPYLGCQSW TCPYTGAVSS PYWKFQHD
136-161..............QHDVNFTQEV SRLNINLHFS KCGFPF
159-183..............FPFSLLVDAP GYDPIWFLNT EPSQL
175-199..............FLNTEPSQLP PTAPPLLPHS NLDHI
197-216..............DHILEPSIPW KSKLLTLVQL
213-236..............LVQLTLQSTN YTCIVCIDRA SLST
235-254..............STWHVLYSPN VSVPSSSSTP
253-282..............TPLLYPSLAL PAPHLTLPFN WTHCFDPQIQ
277-292..............FDPQIQAIVS SPCHNS
288-317..............PCHNSLILPP FSLSPVPTLG SRSRRAVPVA

gp21
313-333..............AVPVAVWLVS ALAMGAGVAG G
332-352..............GGITGSMSLA SGKSLLHEVD K
350-386..............VDKDISQLTQ AIVKNHKNLL KIAQYAAQNR RGLDLLF
382-403..............LDLLFWEQGG LCKALQEQCR FP
400-429..............CRFPNITNSH VPILQERPPL ENRVLTGWGL
426-448..............GWGLNWDLGL SQWAREALQT GIT
445-462..............TGITLVALLL LVILAGPC
458-488..............LAGPCILRQL RHLPSRVRYP HYSLIKPESS L

FIG. 2. Dose-dependent and specific inhibition of cell-free HTLV-1 infection by the gp21 peptide 400-429. (A) MOLT-4 cells were infected with HTLV-1 in the
presence of the gp21 peptide 400-429 at 0 to 10 mM. Formation of HTLV-1 DNA in the MOLT-4 cells was detected by PCR as described for Fig. 1. (B) Relative
intensities of pX DNA were determined by densitometry: band intensities of pX DNA were divided by those of b-globin bands. (C) Inhibitory effect of the gp21 peptide
400-429 on plating of the VSV(HTLV-1) pseudotype. The VSV pseudotype infection was carried out in the presence of the gp21 peptide 400-429 (circles) or the gp21
peptide 458-488 (squares). About 100 plaques were formed in the absence of the peptides. Each datum point is the mean for two independent experiments. (D) Effect
of the gp21 peptide 400-429 on transmission of cell-free HIV-1. MOLT-4 cells were infected with serially diluted cell-free HIV-1 (IIIB strain) (lanes 1 to 3), lysed 20 h
later, and examined by PCR using the primers specific for the HIV-1 gag region. Cell-free HIV-1 was inoculated into MOLT-4 cells in the absence (lane 4) or presence
(lane 5) of the gp21 peptide (Pep.) 400-429 (10 mM). Lane 6, MOLT-4 cells treated with neutralizing MAb against CD4 receptor (a-CD4) prior to infection. Lane 7,
mock-infected control. b-Globin DNA was amplified as a control.
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in the gp21 peptide 400-429 (gp21 peptide NS/YF; Fig. 3A).
Furthermore, we changed all leucines in the gp21 peptide
400-429 to alanines (Leu413-Ala, Leu419-Ala, Leu424-Ala,
and Leu429-Ala) (gp21 peptide L/A; Fig. 3A). As for Leu419,
it had been shown to be important for cell-to-cell fusion and
cell-to-cell transmission of HTLV-1 (32). Using these two mu-
tant peptides, we examined the effects of mutations on the
transmission of cell-free HTLV-1 to MOLT-4 cells (Fig. 3B).
In contrast to marked inhibition of infection by the gp21 pep-
tide 400-429 (10 mM) (lanes 3 and 4), no inhibition was de-
tected upon addition of the gp21 peptide NS/YF (10 mM)
(lanes 5 and 6) or the gp21 peptide L/A (10 mM) (lanes 7 and
8) compared to the no-peptide control (lanes 1 and 2). This
finding suggested that Asn407, Ser408, and leucines in the gp21
peptide 400-429 play important roles in inhibition of transmis-
sion of cell-free HTLV-1.

In general, retroviruses will bind to the cell surface efficiently
at 4°C (binding step), but the postbinding step such as fusion
between virus and cell membranes, or penetration of viral core
into host cells, appears to be dependent on temperature (4, 28,
39). Therefore, we examined which step, binding to cells or
postbinding to cells, was inhibited by the gp21 peptide 400-429
(Fig. 4A). For this, MOLT-4 cells were incubated with cell-free
HTLV-1 for 1 h at 4°C (binding step), and the cells were
washed to remove unbound viruses. Then, the cell suspension
was incubated at 37°C in a CO2 incubator for 20 h to allow
viruses to enter cells (postbinding step). Then, the cell lysates
were prepared, and formation of HTLV-1 DNA was detected
by nested PCR to amplify the pX region because amplified
DNA was hardly detected when the cells had been infected
with HTLV-1 at 4°C. Indeed, it had already been reported that
HTLV-1 binds to cells inefficiently at 4°C (21). The conditions
for the first PCR were the same as those described above.
Serially fivefold-diluted first PCR products were then sub-
jected to nested PCR using pX inner primers (pXI 7341-7360,
59-ACCCAGTCTACGTGTTTGGA-39; pXI 7460-7441, 39-TG
ATCTGATGCTCTGGACAG-59). The PCR cycling condi-
tions were 20 cycles of 93°C for 1 min, 60°C for 45 s, and 72°C
for 1 min and one cycle of 72°C for 5 min. PCR products were
detected as described above.

We confirmed that PCR was performed within the linear
range (Fig. 4B, lanes 1 to 5) because correlation between DNA
dilution and the intensities of HTLV-1 DNA was observed.
When the gp21 peptide 400-429 was added 1 h before or during
adsorption at 4°C (Fig. 4A, Exp. 2), no inhibition of the syn-
thesis of HTLV-1 DNA was observed (Fig. 4B, lane 7), com-
pared to the no-peptide control (Fig. 4B, lane 6). However,
synthesis was inhibited when the peptide was added just before
the postbinding step (Fig. 4B, lane 8), i.e., the peptide was
present during incubation at 37°C for 20 h (Fig. 4A, Exp. 3).
These findings suggested that the gp21 peptide 400-429 did not
affect the binding step but inhibited the postbinding step of
HTLV-1 infection.

The viral gp46 Env protein will recognize the specific cell
surface receptor at the binding step. We examined whether rat
MAb (LAT-27), which was reported to neutralize HTLV-1
infection and recognize the gp46 amino acids 191 to 196
(Leu-Pro-His-Ser-Asn-Leu) (40), blocked the binding step
of HTLV-1 infection under our assay conditions. The purified
rat MAb (LAT-27) and rat control MAb against recombinant
mouse interleukin 2 (IL-2) were kindly provided by Y. Tanaka
(Kitasato University, Kanagawa, Japan). Plating of HTLV-1,
which had been preincubated with LAT-27 MAb (30 mg/ml), to
MOLT-4 cells at 4°C (Fig. 4A, Exp. 2) was inhibited (Fig. 4C,
lane 2). In contrast, HTLV-1 DNA was clearly detected when
the LAT-27 MAb was added after adsorption of HTLV-1 to
the cells but just before the shift of the incubation temperature
to 37°C (Fig. 4A, Exp. 3) from 4°C (Fig. 4C, lane 3). Addition
of the control rat MAb against recombinant mouse IL-2 did
not inhibit the formation of HTLV-1 DNA (Fig. 4C, lanes 4
and 5).

To confirm that the gp21 peptide 400-429 inhibited the post-
binding step of HTLV-1 infection, it was added at various time
points after adsorption of virus to the cells at 4°C. As shown in
Fig. 4D, 60% inhibition of the formation of HTLV-1 DNA was
observed when the gp21 peptide 400-429 was added even 30
min after adsorption of HTLV-1 to the cells. These results
strongly suggested that the gp21 peptide 400-429 inhibits the
postbinding step of HTLV-1 infection.

In this study, we examined effects of synthetic peptides cov-
ering HTLV-1 Env proteins and anti-gp46 neutralizing MAb
(LAT-27) on transmission of cell-free HTLV-1. We found that
a synthetic peptide corresponding to amino acids 400 to 429 of
the gp21 transmembrane protein (peptide 400-429) strongly
inhibited infection by cell-free HTLV-1. We reported previ-
ously that this peptide inhibits syncytium formation induced by
cocultivation with HTLV-1-producing cells (33), suggesting
that the amino acid sequence 400 to 429 on the gp21 trans-
membrane protein is important for Env functions not only in
cell-to-cell infection but also virus-to-cell infection (Table 2).

We also reported that LAT-27 MAb, which recognizes the
gp46 amino acid sequence 191 to 196, inhibits transmission of
cell-free HTLV-1 (12). In the present study, we showed that
LAT-27 MAb inhibited the binding step of HTLV-1 infection
in the PCR assay (Fig. 4). The LAT-27 MAb was also report-
ed to inhibit the formation of syncytia and transformation of
normal T lymphocytes by HTLV-1 in vitro (40). Therefore,
LAT-27 MAb inhibits both the cell-to-cell and the virus-to-cell
HTLV-1 infections.

In contrast to LAT-27 MAb, the gp46 peptide 197-216
hardly affected the entry of cell-free HTLV-1 into MOLT-4
cells (Fig. 1B), although it inhibited syncytium formation upon
cocultivation (Table 2). Syncytium formation due to cell-to-cell
fusion has been considered to be a strong predictor of virion-
to-cell infection and has frequently been used to estimate the
efficiency of virus entry. However, our findings suggested that

FIG. 3. Effects of mutations in the gp21 peptide 400-429 on inhibitory activ-
ity. (A) Amino acid sequences of the mutant peptides. (B) Effects of the mutant
peptides on the transmission of cell-free HTLV-1. MOLT-4 cells were infected
with either undiluted (odd-number lanes) or diluted (even-number lanes) cell-
free HTLV-1 in the presence of the peptides at 10 mM. Cell lysates were exam-
ined by PCR as described for Fig. 1. b-Globin DNA was amplified as a control.
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inhibition of syncytium formation is not always associated with
the inhibition of cell-free HTLV-1 infection. More recently, we
identified the 71-kDa heat shock cognate protein (HSC70) as
a component binding to the gp46 peptide 197-216 and showed
that anti-HSC70 MAb blocks syncytium formation (35). It re-
mains to be elucidated how HSC70 is involved in the cell-to-
cell and virus-to-cell HTLV-1 infection.

The mechanism of action of the gp21 peptide 400-429 is
likely the inhibition of the interaction between the HTLV-1
Env protein and the cellular receptor. More recently, we re-
ported that a nonprotein component derived from MOLT-4
cells, possibly carbohydrate-containing lipids, interacts with the
gp21 peptide 400-429 (34). This nonprotein component also
binds to the mature gp21 protein purified from culture fluids of
HTLV-1-producing cells and inhibits syncytium formation in-
duced by cocultivation with HTLV-1-producing cells. By using
125I-labelled gp21, MOLT-4 cells have been shown to have
1,433 high-affinity binding sites per cell and 19,220 low-affinity
sites per cell, with a Kd of 102 pM and 36.3 nM, respectively,
for gp21 protein (34). We also reported the nature of a non-
protein component which binds to 125I-labelled gp21 even in
the presence of large amounts of unlabelled gp21 (34). The
concentration of the gp21 peptide 400-429 required for the
inhibition of HTLV-1 infection is much higher than the Kd of
the gp21-binding component. This might be due to the na-
ture of the nonprotein component. The interaction between
HTLV-1 Env protein and the nonprotein component on the
cell surface may be necessary for both syncytium formation and
transmission of cell-free HTLV-1.

We recently reported that human Clq, which is a component
of the complement system, binds to the gp21 peptide 400-429
in the binding assay using HTLV-1 Env synthetic peptides (18).
We also demonstrated that human Clq binds to the HTLV-1
virion and inhibits its infectivity (18). Since the inhibitory effect

FIG. 4. Effects of the gp21 peptide 400-429 and a neutralizing MAb against
gp46 on the early stage of HTLV-1 infection. (A) Schematic representation of
the experiments (Exp.) investigating HTLV-1 infection at the binding step or the
postbinding step. Precooled MOLT-4 cells were inoculated with cell-free
HTLV-1 at 4°C for 1 h (Exp. 2, binding step), washed, and resuspended in fresh
culture medium. Then, the incubation temperature of the cells was shifted to
37°C for 20 h (Exp. 3, postbinding step). The reverse-transcribed HTLV-1 RNA
in MOLT-4 cells was detected by nested PCR. (B) Inhibition of the postbinding
step of HTLV-1 infection by the gp21 peptide 400-429. To detect the formation
of HTLV-1 DNA, serially diluted first PCR products were used as templates for
nested PCR amplification using the pXI 7341-7360 and pXI 7460-7441 primers
(lanes 1 to 4). The temperatures at the time of addition of the gp21 peptide
(pep.) 400-429 are indicated in panel A as hatched bars. Fiftyfold-diluted first
PCR products were used as templates for nested PCR. The 120 bp of pX DNA
in lanes 6 to 8 corresponds to Exp. 1 to 3 in panel A, respectively. (C) Inhibition
of transmission of cell-free HTLV-1 at the binding step by anti-gp46 neutralizing
MAb LAT-27. HTLV-1 was incubated with LAT-27 MAb (30 mg/ml) or control
MAb against mouse recombinant IL-2 (30 mg/ml) for 1 h at 37°C prior to
infection. Then, experiments were done as described above. Lane 1, no-MAb
control. MAbs were added to MOLT-4 cells either at 4°C (lanes 2 and 4) or at
37°C (lanes 3 and 5). b-Globin DNA was amplified as a control. (D) Effect of the
timing of the addition of the gp21 peptide 400-429 after adsorption of HTLV-1

to MOLT-4 cells on the transmission of cell-free HTLV-1. After adsorption of
HTLV-1 to MOLT-4 cells at 4°C, the gp21 peptide 400-429 was added at the
indicated times and the cells were cultured for 20 h in the presence of the
peptide. Formation of HTLV-1 DNA in MOLT-4 cells was detected by nested
PCR (120 bp of pX). b-Globin DNA was amplified as a control. Relative inten-
sities of pX DNA bands were calculated by densitometry. Inhibition by the
no-peptide control was assigned a value of 0%.

TABLE 2. Inhibition of syncytium formation and infection of
cell-free HTLV-1 by HTLV-1 Env synthetic peptides

Peptide

% Inhibition

Syncytiaa
HTLV-1

PCRb VSV(HTLV-1)c

gp46 197-216 60 0 0

gp21 400-429 87 80 56

a Inhibition of syncytium formation induced by cocultivation of HTLV-1-
negative MOLT-4 cells with HTLV-1-positive C91/PL cells. The cells were cul-
tured for 2 days at 37°C in the presence of the peptides at 10 mM, and syncytia
were counted. The inhibitory effect of each peptide was calculated in comparison
with numbers of syncytia in the control coculture without a peptide.

b MOLT-4 cells were infected with cell-free HTLV-1 in the presence of the
peptides at 10 mM, and the formation of reverse-transcribed HTLV-1 RNA was
detected by PCR. The intensities of PCR bands were determined by densitom-
etry, and the inhibitory effect of each peptide was calculated in comparison with
the no-peptide control.

c 8C cells were infected with the VSV(HTLV-1) pseudotype in the presence of
the peptides at 10 mM, and plaques were counted 24 h later. The inhibitory effect
of each peptide was calculated in comparison with the no-peptide control.
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of the gp21 peptide 400-429 was observed at a postbinding step
of HTLV-1 infection (Fig. 4), the amino acid sequence corre-
sponding to the gp21 400-429 might play an important role as
a binding site for the human Clq to inhibit the infection of
cell-free HTLV-1, especially at the postbinding step.

It has been shown that gp21 is responsible for the fusion
between virions and target cell membranes (7, 32). Several
regions of the transmembrane protein of retroviruses, includ-
ing HTLV-1 (5), have been reported to be involved in the
conformational rearrangements required for the fusion pro-
cess (37) (Fig. 5). Namely, three motifs are highly conserved in
the retroviral ectodomain of transmembrane glycoproteins: (i)
an amino-terminal hydrophobic stretch, which has character-
istics of a fusion peptide and is probably directly involved in the
membrane fusion process (17, 43), (ii) a leucine zipper-like
region which exhibits an amphipathic alpha-helical secondary
structure capable of self-association as a coiled coil (6), and
(iii) a sequence described as an immunodominant region in
retroviruses, which contains cysteine residues thought to form
an intramolecular disulfide bridge (2, 37).

In the case of HIV-1, the gp41 transmembrane Env protein
plays an important role in fusion between virus and cell mem-
branes (23). It has been proposed that the assembly of viral
Env glycoprotein oligomers is required for the viral fusion
reaction (22). On the basis of the recently determined high-
resolution crystal structure of the HIV-1 gp41 core structures
(1, 42), the two domains of gp41 are considered to be necessary
for formation of alpha-helical oligomers. One of these domains
was predicted to contain a leucine zipper-like region in the
NH2-terminal region of the gp41 molecule. The other domain
is located in the COOH-terminal end of the gp41 ectodomain.
A synthetic peptide (DP178) corresponding to the COOH-
terminal ectodomain sequence (36 amino acid residues 643 to
678 of the HIV-1LAI isolate) inhibits both virus-mediated cell-
cell fusion and infection of cell-free virus (44). The inhibitory
effect of the DP178 peptide on the membrane fusion process
has been explained by the finding that it binds to the leucine
zipper-like region in gp41 and prevents formation of the het-
eromeric coiled-coil structure of gp41 (22, 24, 31).

Both the HTLV-1 gp21 peptide 400-429 and the HIV-1
DP178 peptide are located between the immunodominant re-
gions and the transmembrane domains in the ectodomain of
the Env transmembrane glycoprotein (Fig. 5). However, no
significant amino acid homology between these peptides was
observed, and HIV-1 infection was not inhibited by the gp21
peptide 400-429 (Fig. 2D). Moreover, when the gp21 peptide
400-429 was incubated with the synthetic peptides including

the leucine zipper-like region (gp21 peptides 313-333, 332-352,
350-386, and 382-403) before cocultivation of HTLV-1-positive
cells with HTLV-1-negative MOLT-4 cells, the inhibitory effect
of the gp21 peptide 400-429 on the formation of syncytia was
not abrogated (data not shown). Thus, the action of the gp21
peptide 400-429 might differ from that of the DP178 peptide in
the course of virus infection, especially at the postbinding step.

More recently, the crystal structure of the gp21 ectodomain
was reported to have been determined (20). The molecular
surface of gp21 was shown to be buried between the trimeric
coiled coil of gp21 (residues 338 to 387) and the COOH-
terminal segment (residues 390 to 421), forming the structure
specific for gp21 (20). The amino acid region from 390 to 421
at the surface area of the gp21 molecule might be involved in
interaction of gp21 with a nonprotein component on the sur-
face of target cells. The gp21 peptide 400-429 may be useful for
development of therapeutic agents against HTLV-1 and as a
tool to study fusion between the viral membrane and the target
cell membrane.
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